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Introduction

Gestational diabetes mellitus  (GDM) is defined as 
carbohydrate intolerance of  varying severity with onset 
or first recognition during pregnancy.[1] The diagnosis of  
gestational diabetes is important, because of  the increased 
risk of  adverse maternal and feto‑neonatal outcomes. In 
addition, GDM also confers a future risk of  type 2 diabetes 
to mothers and their fetuses.[2]

Gestational diabetes mellitus affects about 7% of  all 
pregnancies worldwide and recent studies have reported an 
increase in the prevalence in last two decades.[3‑7] In India, 
the prevalence ranges from 6% to 9% in rural and 12-21% 
in urban areas, with most studies being done in either South 
or North India.[8‑11]

A vast number of  people with diabetes in India live in 
rural areas with inadequate access to health care, lack 
of  awareness, lack of  a balanced nutrition and limited 
opportunities for exercise despite increasing economic 
growth. Increasing mechanization and urbanization of  
rural populations has been associated with an increasing 
occurrence of  type 2 diabetes in rural areas of  India too.[12] 
Understanding prevalence of  GDM in this particular 
population will help in directing the appropriate resources 
for care of  mothers and children affected by this disorder. 
In this study, we evaluated the prevalence of  GDM in 
rural areas of  Pune district in Maharashtra. We specifically 
selected remote areas, with little access to health care or 
screening facilities.
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Subjects and Methods

Identification of the population
The program was carried out during September 2012 to 
June 2014. We identified remote villages of  Pune district, 
Maharashtra with a population ranging from 1,500 to 
4,500 each. The farthest village from the Pune city (Junnar) 
was identified and villages in its proximity were included 
in succession. The program extended to include villages 
from different blocks of  Pune district, at least at a distance 
of  70 km or more from Pune city. Since villages closer to 
the city have access to secondary and tertiary care medical 
facilities only those villages that lacked adequate healthcare 
facilities were chosen. Lack of  an adequate healthcare facility 
was defined as the nearest health care facility for diabetes 
care (including a glucometer) being >25 km away. With the 
collaboration of  District Public Health Department, the 
Accredited Social Health Activist (ASHA) of  the each village 
were contacted. After a day‑long structured training (which 
was organized at the nearest primary health center), ASHA 
helped to identify all the pregnant women in the Villages via 
a door to door survey. A total of  349 villages were screened 
as a part of  a larger ongoing population based program 
with a cumulative population of  8,71,588. A total of  5,200 
pregnant women  (defined as missed menstrual period 
followed by positive urine human chorionic gonadotropin 
test for pregnancy) were invited for oral glucose tolerance 
testing (OGTT) which was performed under supervision 
of  a team of  health care providers.

Diagnosis of gestational diabetes mellitus
Medical and obstetric history, family history, anthropometric 
measurements and blood pressure were recorded using 
standard protocols. One step OGTT with a single 
glycemic value suggested by Diabetes in Pregnancy Study 
Group (DIPSI) to screen as well as confirm GDM was 
used to categorize the subjects.[13,14] The test involved 
estimating capillary glucose value 2 h after 75 g glucose load 
irrespective of  the gestational age and the time from the last 
meal. This procedure assumes that glucose concentrations 
are little affected by the time since the last meal in a normal 
glucose tolerant woman due to brisk and adequate insulin 
response, whereas the glucose concentrations would rise 
in women with gestational diabetes.[13,14]

The women were categorized as follows depending on 
the values of  the 2 h post 75 g glucose capillary OGTT: 
Normal (<120  mg/dl), gestational glucose intolerance 
(120-139 mg/dl), GDM (140-199 mg/dl) and overt diabetes 
first detected during gestation (≥200 mg/dl), as per the 
previously published DIPSI Criteria.[14] For purposes of  
defining gestational diabetes in this study, therefore, a 

cut‑off  of  140 mg/dl or above was applied. Gestational 
hypertension was defined as systolic blood pressure 
≥140 mmHg and/or diastolic blood pressure ≥90 mmHg 
in a pregnant woman.[15]

Statistical analysis
The statistical analysis was carried out using Statistical 
Package for Social Studies (SPSS, Inc, Chicago, IL, USA) 
for Windows version 18.0. Categorical data are presented 
as n (%) Normally distributed data are presented as means 
and standard deviation or 95% confidence interval (CI). 
Pearson′s Chi‑square test was used to evaluate differences 
between groups for categorical variables. Independent 
sample t‑test was used to test the differences of  quantitative 
variables across two study groups after confirming the 
underlying normality assumption. The P  <  0.05 was 
considered to be statistically significant. Multivariate logistic 
regression analysis (stepwise method) was used to evaluate 
the independent determinants of  prevalence of  GDM.

Results

A total of  989 pregnant women participated in the study. 
The overall prevalence of  GDM in this population was 
9.5% (94/989). The characteristics of  the population are 
presented in Table 1.

The mean plasma glucose after OGTT was 107.3 ± 16.1 mg/dL 
in women without GDM and 164.3  ±  42.7  mg/dL in 
women with GDM. There was no statistically significant 
difference in the maternal age, family history of  diabetes 
or hypertension and prevalence of  gestation hypertension 
between women with GDM and women without GDM. 
The prevalence of  GDM prior to 24 weeks of  gestation (See 
Category 3 and 4 in Table  2) was 8.6%  (45 out of  520 
women) and that after 24 weeks of  gestation was 10.4% (49 
out of  469 women). The weight and body mass index (BMI) 
was higher in pregnant women with GDM as compared to 

Table 1: Characteristics of the study population
Parameters Without GDM 

(n=895)
With GDM 

(n=94)
P

Age (years) 22.3±2.9 22.7±3.1 0.250 (NS)
Weight (kg) 49.1±7.7 50.9±7.6 0.031 (S)
BMI (kg/m2) 20.8±3.1 21.6±3.1 0.017 (S)
SBP (mmHg) 110.0±12.1 112.1±13.2 0.113 (NS)
DBP (mmHg) 69.2±9.9 70.6±9.0 0.165 (NS)
Family history of 
diabetes (n (%))§

45 (5.0) 3 (3.2) 0.733 (NS)

Family history of 
hypertension (n (%))§

48 (5.4) 7 (7.4) 0.402 (NS)

Values are mean±SD except where marked §Where they are number of subjects 
affected  (%). P<0.05 is considered to be statistically significant. S:  Statistically 
significant, NS: Statistically nonsignificant, SD: Standard deviation, GDM: Gestational 
diabetes mellitus, BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic 
blood pressure
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those without GDM. The proportional of  subjects with 
an abnormal glucose value was similar throughout the 
pregnancy in both groups whether screened before and 
after 24 weeks of  gestational period [Table 2].

After stepwise multivariate logistic regression analysis for 
combined population, none of  the parameters (maternal 
age, gestational hypertension, family history of  diabetes) 
except BMI  (P  <  0.05) were found to have significant 
association with prevalence of  GDM [Table 3].

Discussion

We present the results of  our community based survey of  
the prevalence of  gestational diabetes from Western India. 
Importantly, it focuses on prevalence in remote areas where 
no medical care is available. Our study was spread over several 
villages, often in hilly terrains, and involved door to door visits 
by field workers to bring subjects for screening. Therefore 
we believe that our study is especially representative of  the 
rural Indian community residing in remote areas.

Our results suggest that about 9.5% of  pregnant women 
have gestational diabetes. The value of  9.5% is similar to the 
rural subgroup of  pregnant women in a study by Seshiah 
et al. in South India.[9] The percentages of  pregnant women 
with abnormal glucose tolerance in our study were similar 
irrespective of  whether women were screened before or 
after 24 weeks of  gestation. This suggests that pregnant 
women of  India need to be screened routinely at the first 
anti‑natal visit for presence of  GDM. This high proportion 

of  patients with gestational diabetes living in remote, rural 
parts of  India, suggests the need for public health strategies 
to diagnose and manage GDM in this area.

On multiple logistic regression analysis, age, family history or 
gestational hypertension did not associate with the diagnosis 
of  gestational diabetes. Given the lack of  predictive value 
of  common parameters like age and family history in our 
study, it seems reasonable to advise universal screening of  
all pregnant women, as is currently done. Pregnant women 
with gestational diabetes had significantly more weight and 
BMI than those without gestational diabetes. While this 
could have been attributed either to higher body weight 
before pregnancy, more weight gain during pregnancy or 
more macrosomy during pregnancy‑our study was not 
designed to answer these questions. In addition to this, 
our study has several limitations, and a major one is that it 
did not record details like pre‑pregnancy body weight (due 
to lack of  available information on this by the subjects) 
or fetal weight estimation to answer this question. The 
relevance of  the BMI in pregnancy is, by itself, a subject for 
debate.[16] An additional limitation was a very low rate of  
women turning up for OGTT compared to the number of  
subjects who were invited. This may be explained by poor 
socio‑economic status, illiteracy, difficulties in reaching 
health‑care team (some women needed to travel around 
10 km to reach our health‑care team) and lack of  awareness 
about GDM in‑spite of  education by ASHA.

Another limitation of  our study is the lack of  follow up 
details available, in order to ascertain pregnancy outcome. 
Finally, a limitation of  the study is the DIPSI criteria, which 
suggests the use of  an OGTT irrespective of  the last meal. 
The limitations of  this criterion are well known.[11] However, 
given the difficulty of  implementing the other fasting based 
protocols in the very remote locales of  our study, we did not 
simultaneously perform and compare different diagnostic 
criteria for screening of  GDM. Notably, many women had 
to walk long distances to reach our screening facility, and 
thus expecting a true fasting sample in these remote areas 
would have been nearly impossible.

Equally important but lacking in this study is the follow up 
of  these women. It has been shown from a study of  597 
rural women from Pune (Pune Maternal Nutrition Study) 
that women with a higher weight gain in pregnancy had 
a higher chance of  eventually developing post‑pregnancy 
hyperglycaemia.[17] Hence, in addition to diagnosing, 
treating and managing labor in gestational diabetes, it is 
equally important to institute lifestyle modifications, and 
periodic monitoring for these women.

Table 2: Prevalence of an abnormal glucose value with 
reference to the GA
Category Plasma 

glucose on 
OGTT (mg/dL)

Women with 
GA <24 weeks 

(%)

Women with 
GA >24 weeks 

(%)

P 
(NS)

1 <120 354 (68.1) 330 (70.4) 0.437
2 120–139 121 (23.3) 90 (19.2) 0.118
3 140–199 42 (8.1) 46 (9.8) 0.340
4 ≥200 3 (0.6) 3 (0.6) 0.999

Total 520 469 0.398

Values are n (%). P value by Chi‑square test. Category 3 and 4 were included in the 
diagnosis of GDM. OGTT: Oral glucose tolerance test, NS: Statistically nonsignificant, 
GA: Gestational age, GDM: Gestational diabetes mellitus

Table 3: OR for risk factors of GDM based on 
multivariate logistic regression analysis
Variables included in the model OR 95% CI for OR P
Maternal age >25 years 1.2 0.7–1.9 0.593 (NS)
Gestational hypertension 1.2 0.5–3.0 0.656 (NS)
BMI >20 kg/m2 1.9 1.2–3.1 0.010 (S)
Family history of diabetes 0.6 0.2–1.9 0.388 (NS)

S: Statistically significant, NS: Statistically nonsignificant, BMI: Body mass index, 
CI: Confidence interval, OR: Odds ratio, GDM: Gestational diabetes mellitus
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To summarize, the high prevalence of  gestational diabetes 
in our study suggests that women from remote, rural 
villages of  India have a high prevalence of  gestational 
diabetes. The result of  our study calls for a targeted 
effort to bring proper diagnostic and therapeutic care 
to improve the lives of  these women at risk of  diabetes 
during pregnancy.
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